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Objective
Valid definitions of dementia require the ability to discriminate it from other forms of cognitive impairment such as the pre-existing deficits in Intellectual Disability (ID). It is therefore crucial to examine the performance of dementia criteria in such populations, especially since lengthening life-expectancy has increased the likelihood of adults with ID developing dementia. Studies in the general population have shown that diagnostic criteria for dementia differ from each other, leading to different individuals being diagnosed (1) (2) (3) . In adults with ID the problems in employing existing criteria are compounded by pre-morbid cognitive deficits and the variable quality of collateral information, and the validity and reliability of dementia criteria have not been examined in these older adults.
There has also been an increasing interest in mild cognitive impairment (MCI) and its relationship to dementia. MCI has been proposed as a transitional stage between normal functioning and dementia (4, 5) . However, it is not easy to employ definitions of MCI in people with ID due to pre-existing impairments.
In this study we aimed to evaluate the predictive validity and reliability of the ICD-10 (6) DSM-IV (7) and DC-LD (8) dementia criteria when applied in a one-off assessment (i.e. cross-sectionally) to older adults with intellectual disability. We also investigated whether a definition of 'MCI' for this population is analogous in prognosis to definitions of MCI used in the general population.
Our main objective was to evaluate predictive validity of cross-sectional dementia diagnoses in the absence of post-mortem neuropathological data. In previous studies it has been shown that dementia is an independent predictor of death (9), with mortality rates far exceeding that of non-demented matched peers (10) . Those that have not died are expected to continue to be recognised as dementia cases and to deteriorate over time. In addition to dementia status, death or clinical deterioration is therefore used to evaluate diagnostic instruments (11, 12) .
Methods
The appropriate Research Ethics Committee and Research and Development offices approved this study which followed up the participants in the Becoming Older with Learning Disability (BOLD) Memory Study (13, 14) ; a two-staged epidemiological survey of adults with non-Down syndrome intellectual disability aged ≥ 60 years living in five London boroughs. As in the baseline interview (T1), the follow up (T2) consisted of a screen for dementia or cognitive decline. Those who screened positive had a full diagnostic assessment for dementia.
Participants
Potential participants in the initial BOLD Study were identified from ID teams and residential and day services providers. Participants included those resident in their own, family, residential or nursing homes and hospitals. Intellectual disability was defined according to ICD-10 criteria for mental retardation (6). Adults with Down syndrome were excluded from the study due to their known risk for Alzheimer's disease, and atypical presentation. 222 participants participated in the original study The mean length of time between T1 and T2 was 2.9 years (34.3 months; range 25 to 45 months). The three interviewers were blind to the baseline diagnostic status.
Screening stage
Informants and all able participants completed a screen for decline in cognitive function and activities of daily living (ADL). Screen positives were defined as those who fulfilled any of the following conditions: a score at or above the single administration cognitive score thresholds for dementia for severe ( ≥ 34) , moderate ( ≥ 25) and mild intellectual disability ( ≥ 7) on the Dementia Questionnaire for Persons with Mental Retardation (DMR) (15) ; decline in ADL in more than three aspects which were not accounted for by physical health; or a delayed recall after ten minutes of fewer than two items in a 3-item memory task. Those screening negative were presumed not to have dementia.
Informant interview
This comprised:
1. Details of the participant's current health and medications, any sensory impairment, information about level of functioning in early life.
2. A brief ADL schedule was based on a well-known scale (16) and in addition, informants were asked whether aspects of ADL had declined since the person was last seen for the initial study as well as possible explanations for the decline. The schedule included six self-care items (toileting, dressing, bathing, mobility, and feeding), and nine instrumental ADL items (writing, reading, simple arithmetic ability, using money, room cleaning, safety awareness, food preparation, comprehension, and communication). Higher scores indicate better functioning.
3. The cognitive scale of the DMR (15) . Higher scores indicate worse cognitive functioning.
4. Mental disorders and psychiatric symptoms were screened for using the PAS-ADD Checklist (Revised) (17), a reliable tool for assessing adults with intellectual disability.
Participant interview.
Participants who had sufficient communication ability completed a three-item object memory task based on the Shoe Box Test (18) .
Assessment of people who screened positive
In order to elicit symptoms of dementia, informants completed a questionnaire based on the Cambridge Mental Disorders Examination (CAMDEX) informant questionnaire (19) . Participants who were sufficiently able completed the Test for Severe Impairment (TSI; (20) 
Blinding
In order to avoid observer bias, investigators and clinicians involved in the assessment and diagnostic phases of the study at T2 were blind to initial diagnosis or clinical and psychometric assessments at T1.
Diagnosis
At both T1 and T2, anonymized interview schedules for each participant were presented to two of three psychiatrists with expertise in either ID or old-age psychiatry (A.H., A.S. or G.L.) for independent diagnosis using an operationalized criteria tick list for each of the ICD-10, DSM-IV and DC-LD dementia criteria (13, 14) .
Participants were also rated against the criteria for dementia with Lewy bodies (DLB) (24) and frontotemporal dementia (FTD) (25) . If they satisfied at least one of these criteria (i.e. ICD-10, DSM-IV, DC-LD main dementia criteria, or DLB or FTD criteria), they were considered to have dementia at T2.
Any disagreement in ratings was settled by discussion with the third psychiatrist.
These disagreements were recorded for the purpose for evaluating inter-rater reliability. The following diagnostic principles were applied: a) Dementia diagnosis required a decline in cognitive function from an individual's baseline rather than from general population norms (26) . b) A hierarchical process was followed, whereby developmental level, mental retardation syndrome, autistic disorders, physical illness and medication effects, sensory loss, environmental change or events, or mental illness were considered sequentially as possible reasons for screening positive.
c) The diagnosis of dementia was made in the presence of depressive symptoms or a history of stable mental illness if these were deemed not to account for the cognitive decline, depending on how the diagnostic criteria were worded.
Dementia was not diagnosed in the presence of acute mental health problems.
Diagnostic groups at T1
During analysis the dementia status at T1 was unblinded and we defined 'MCI' as those who screened positive at T1 but did not fulfil any of the three main dementia criteria. A "dementia" group had met at least one set of dementia criteria (ICD-10, DSM-IV, or DC-LD) at T1. The rest of the participants were a "no dementia" group.
We also distinguished between DSM-IV, ICD-10 and DC-LD dementia.
Diagnostic groups at T2:
In terms of validity of the diagnoses made at T1, we combined those that had died or were diagnosed with any dementia at T2 in a 'poor outcome' group. Those who did not satisfy any of the dementia criteria (including those defined as MCI cases at T2) were considered a 'good outcome' group.
Analysis
Data analyses were performed using the Statistical Package for the Social Sciences (SPSS) Version 14.0 for Windows. Two-sided independent sample t-test was used to test for differences in continuous dependent variables between groups for parametric data. Chi square test and Kappa (κ) statistics was used for categorical dependent variables. and inter-rater agreement respectively. Landis and Koch's classification (0.41 -0.60 = moderate; 0.61 -0.80 = substantial; ≥0.81 = almost perfect agreement; (27) ) was used to classify agreement.
We examined deterioration in terms of change in ADL score after calculating a total score for each participant at T1 and T2 by summating the individual ADL domain scores from the brief ADL schedule. The mean change of score from T1 to T2 was compared between the groups. We examined in detail those who were no longer cases of dementia at T2 to understand diagnostic issues.
Results

Participant demographics
The recruitment process is summarised in diagram 1. 38 (17.1%) of the original sample had died by T2. Those who had died were significantly older than the rest inter-rater agreement.
Stability of dementia diagnoses
Diagram 2 summarises changes in screening/diagnostic status from T1 to T2. Of the 27 people diagnosed with dementia at T1, 9 (33%) had died. Of the 18 who remained, 12 (67%) were diagnosed with dementia again at T2. Two of the six who no longer met dementia criteria became 'MCI' cases; the remaining four were not diagnosed with dementia (table 1) . 75 (57%) of those who were deemed not to have dementia at T1 remained dementia free at T2; 10 (33%) in the T1 'MCI' group became "no dementia" cases at T2. A similar proportion of those who did not have dementia at T1 converted to dementia.
Predictive validity of dementia criteria in ID
The odds ratio of having died by T2 for those diagnosed with dementia at T1 compared to the "no dementia" group was 2.85 (95% CI 1.12 -7.23; Chi square = 5.156, df = 1; p = 0.023); and for those with "MCI" it was 2.44 (95% CI 0.98 -6.09;
Chi square = 3.827, df = 1; p = 0.050).
In order to assess predictive validity of dementia criteria, we also compared "poor outcomes" at T2 (i.e. either dying or being re-diagnosed with dementia) between those diagnosed with dementia at T1 and those who did not have dementia (diagram 2). The 'dementia' group were more likely to have a 'poor outcome' compared to those without dementia (OR 9.18; 95% CI 3.43 -24.53; Chi square = 24.538; df = 1, p ≤ 0.001), while the 'MCI' group were not (OR = 2.01; 95% CI 0.89 -4.53; Chi square = 2.859; df = 1, p = 0.091). The three sets of criteria had similar sensitivity and specificity (table 1) . Specificity of having any dementia diagnosis at T1 was 95%
and sensitivity was 30% (Table 1) . When the participants who had died were excluded from the analysis, specificity of being re-diagnosed with dementia at T2 when they had any dementia diagnosis at T1 was 94.2%, while sensitivity was 36.4% .
Further evidence of predictive validity is provided by comparing change in Activity of
Daily Living (ADL). The 'MCI' group showed a mean improvement in total combined ADL score between the initial study and follow up while the "no dementia" group showed a mean deterioration (1.00 vs -3.32; mean difference = 4.32; SE of difference = 1.68, df = 128; t = -2.579; p = 0.011). Dementia cases at T1 had a significantly greater mean deterioration in ADL score than other participants (-7.67 vs. -2.66; mean difference = 5.00; SE of difference = 1.85, df = 147; t = 2.706; p = 0.008).
Reasons for diagnostic instability
The six people who were diagnosed at T1 with dementia but were not re-diagnosed by any criteria at T2 are summarised in Table 2 . Four had moderate to severe ID, or additional sensory disability (table 2) . Four of these six participants were judged "false negatives" at T2 and two were "false positives" at T1. The false negative cases all had convincing dementia diagnoses at T1 and met the requirements for all three sets of criteria, but were either missed during screening or diagnosed as an MCI case at T2. Two of these participants showed further decline on tests or informant history between T1 and T2; one of whom was missed during screening as the informant did not report change. The other participant could not be diagnosed with dementia because although the informant reported decline in ADLs, memory problems were not noticed. The remaining two people did not demonstrate further decline, but were diagnosed with vascular dementia at T1, which often has periods of stability. We concluded that these four participants were not diagnosed with dementia at T2 due to inconsistent or unreliable information.
The two participants who were judged to be false positives at T1 were both diagnosed only with DSM-IV criteria. In these cases, evidence for memory deterioration was based on findings of the assessment at T1, but informants did not specifically report memory decline (Table 2) .
Discussion
This is the first study to examine the validity and reliability of the diagnosis of dementia in ID adults and we found that the ICD-10, DSM-IV and DC-LD main dementia criteria all showed substantial inter-rater reliability, specificity and predictive validity in that they predicted 'poor outcomes' and deterioration. Sensitivity was expected to be poor as it is affected by incident cases at follow-up. The dementia diagnosis was, however, less stable than in the general population (28) (29) and this can be accounted for by variable quality of informant reports; difficulties in the assessment of those with moderate and severe intellectual disability or sensory impairments; or difficulties in detecting protracted periods of plateau in vascular dementia and the 'floor effect' in advanced dementia in the absence of longitudinal information. MCI, as defined in this study, did not predict conversion to dementia, and was therefore not comparable to the diagnosis in the general population, although clearly an indicator of ill health.
Strengths and limitations
This study was a follow up to the largest survey of dementia in the intellectual disability population to date. We identified all older adults known to have intellectual disability in our catchment area and achieved high participation rates. We included a representative sample of adults with varying levels of ability, including those who lacked capacity to consent to taking part, as they were likely to be those with most disability and needs. Our drop-out rate was low, and we were able to interview 84% of the survivors from baseline.
Those who screened positive were fully assessed before we applied a rigorous and standardised diagnostic procedure. Blinding to the original assessment and diagnostic status at T2 ensured that we eliminated observer bias. However, this meant that the follow up was in fact a cross-sectional assessment, which is known to be less reliable than sequential assessments. Lastly, there was no post mortem validation of the diagnosis of dementia in any of the deceased participants. We may therefore have under-or overestimated validity.
Inter-rater reliability All three sets of main dementia criteria showed at least substantial inter-rater reliability. Our reliability figures for the ICD-10 and DSM-IV sets of criteria were comparable to those found in the general older adult population (30) (31).
Validity and reliability of dementia diagnoses
Dementia is usually a progressive condition. If a set of diagnostic criteria for dementia were valid, one would expect those it identifies as having dementia over a period of time to have on average poorer outcomes, including higher death rates and greater deterioration in ADL, than those without dementia. This was indeed our finding for each of the standardised criteria.
Those identified as having dementia should still have dementia when assessed again later. We found in our study a small proportion (7%) went from 'dementia' to 'MCI' and a significant minority (15%) did not reach the screening thresholds for full assessment at follow up, which were more than equivalent diagnostic errors in the general population (32) . Closer examination of these cases revealed that the sensitivity of the screening process was affected by quality of information provided by informants . In clinical practice information from previous assessments (to which we were blinded) would have been available at the second assessment. This would have avoided having negative screens because of lack of information.
General population studies have shown that the DSM-IV criteria are more inclusive in the diagnosis of dementia than the ICD-10 (3), despite relatively minor differences (33). We have previously shown that the DSM-IV dementia criteria were also more inclusive than the ICD-10 in older adults with ID (14) . The ICD-10 criteria excluded those with mild dementia and a considerable proportion of those with moderate to severe dementia because of specifying the presence of emotional and behavioural symptoms. The current study showed that the DSM-IV criteria may occasionally identify 'false positive' cases of dementia in individuals with pre-existing cognitive deficits.
Implications for forthcoming ICD and DSM revisions
Populations with pre-existing cognitive deficits such as those with ID are a litmus test for the validity of dementia criteria, and our findings have implications for the ICD-11
and DSM-V revisions currently under way.
ICD revisions should reconsider the requirement for behavioural and emotional changes as these symptoms were poor at discriminating between those with and without dementia in adults from the general population and those with ID (2, 14) . A substitiute could be requirement for change in functioning (similar to the DSM-IV and DSM-V), as this was better than cognitive symptoms at identifying those with dementia in adults with more severe levels of intellectual disability (34) .
The forthcoming DSM revision could be more specific about the sources of information required to demonstrate a decline in memory. Informant report of cognitive decline should be sought and taken into account when standard cognitive testing is difficult, and dementia criteria may need to specify that change in function and cognition should be compared to an individual's own baseline. These issues have been addressed in the proposed criteria for "Major Neurocognitive Disorder" of the DSM-V, which may therefore have improved validity in populations with preexisting cognitive deficits compared with the DSM-IV.
In this study, MCI was defined broadly as those performing worse than expected on a memory test, or having significant functional decline or a positive DMR screen. The conversion rate from "MCI" to dementia of 13% over 2.9 years was not markedly different from that of a 'normal' state, and was considerably lower than the 60% per 5 year conversion rate of MCI cited in the general population (4). However, many of the MCI cases in our study who died may have had dementia, and the rate of 'MCI' cases reverting to 'normal' at follow up was similar to MCI cited in the general population (36) . Furthermore, the conversion rate of "no dementia" cases was very high compared to the general population. Nevertheless, our definition of MCI in the ID population have identified a heterogeneous group with co-morbid conditions. This problem has also been noted in the general population, where various definitions of MCI result in very different prevalence rates (35, 37) . MCI definitions may need to be more specific in the ID population, e.g. cognitive decline on formal testing, or on reliable informal report, relative to the individual's premorbid functioning, not sufficient to impair everyday function and not sufficient to fulfil any of the main dementia criteria.
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